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8Tt'I])IBS CF THICKENED LI~!IDS 

';' I •: • 

AID MISCELLANEOUS FL&J~ 'l'HRf',.lER PRO BLEJ11 

Service Directivesa cw~-10, 12, 21 

IDdoraament (1) Professor H. c. Hottel, Chiot, SeotloD 11.1 
to Dr. H. M. Chadwell, Chief, Division 11~ 

Poz:wa.rding report and notingt 

•The attached report-summarizes 3-1/2 years ot activit.J 
_of' an Eastman Kodak group in many fields covered by. the 
general title, "Studies of Thickened Liquids." Start­
ing as a fundamental study of the rheology of thickened 
tuels the project moved on to include a wide range ot 

· problems associated with de:velopnent ~rk by other 
contractors on incendiaries and flame throwers. The work 
included studies of small jet performance, the effect ot 
oxidation and of moisture on tho stability of NapaLm, 
Napalm manufacturing problems, dehydrating agents, the 
effect or various peptizers on thickened fUels, anomaloua 
effects or compounding temperature and of storage tempera.. 
ture on the consistoncy of Napalm, various fiber additives, 
the appraisal of other thickening agents than"Napalm. the 
performance of portable flame throwers with various thick­
eners, the pumping characteristics of Napalm thickening 
fUels, and methods of mixing Napalm and gasoline. The 
last two fields or activity led to development of equip­
ment for mixing Napalm under subcontract with the Ferro 
Enamel Corp. and a purchase order on the Cleaver-Brooks 
Co., and to tho developnont by the Eastman group itself 
of a pump-.o perated flame thrower, At the end of the war 
this principle or mechanized flame thrower design held 
great promise, and the ~rk is continuing under a direct 
contract with the Chemical r.arrare Service. • 
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bctoraement (2) trom Dr· H. 11. Chadwell, Chief, Di'ViaioD 11 
,to Jfr. Cleveland Norcroaa. Executive Secretary of the 
Wational Defense Research Committee • 

Fbrwarding report and nonourring. 

Thia ia a final report under Contract 11•300, om.~538.wltla 
the Baatman Kodak ComP&D¥• 
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ft•tlga,lon or the•• aiiOII&lle• led to Ute ••la•l• ••• u.r 
.... ct• te two .. ln oa••••• (a) oaldatloa or U. •1ld .... 
•rlltB or aner 4J7lns. (b) warlable •l•tuN eon••• tlue te 
pill or lo•• of ••••r rturtna •••a.a•. A atud7 •• aade or ••• 
,._._ ... "'•an• or t117ln• .. ple• of"' pulp •• nrJ.eu• •• 
......... and oond1,1on1nt.; drle4 auplea or U. "•P at •..S.• . 
.. latlw. ~dlt1••· 

file err .. , ot •t11ture oontent on •1•oo•1''• ext.MI.-
1tUlt7 aad platlon ... ,. or •enNl lapala• ••• •twtlect• 8114 
•.aou• ••tbo4• of 4e,ea.lntq Mla,ure oon••••• lneludlac ..... 
.._, beasene c!1•'111atlon, and Karl Fl•ber •eU.d, were 1Rft8U. 
...... It ••• concluded tlat 'h• benzene d1•'Ula&lon •U.S .... 
... , .. 1tab1e tor u•e ln produotlon aon,rol an4 a w.rla,ioa of 
~. ••thad ••• a4opted tor •peo1t1aa,lon u ... 

O.xldatlon, wblob often oocuned durlfta 4171Jw or • 
......... , •toraae or 'h• eoap, ••• touad ~ be •••oolate4 •lila 
..-etlo• ln 1odlne ....... and 'o be JJI'OIIO'ed b7 iron u4 ..._ 8M••• whloh ooourred •• 111pur1,le• 1D Ule Vlo~17 srad.e a1• 
lxtea•l~ atudlea •ere made or lbe oxldatlon •u•oept1b111'~ of 
lapaba• b7 •ean• ot the Maeker teat, la wbleb the •oap 1• ex­
pe••'-' at elented ••perat;ure Co a curren' ot alr• aad Use 
peNxltte ftlue te•t (JanuaJ7-MaNh, Uept..ber-Dee•ber 1,-,). 
ler'! MpyfMCyn. 

the probl•• alaocla&ed wlUI •ol•••re and oaidaCl• 
... warlou• ostler pba••• or tile paeral pNblem or proclue~~~tE 
.. ~ .. 1l~bl7 ln 1·~· quan'l'lea ·~re ltudle4 b~ 'bl• aro•p 
la ooepe .. ,loa •l'h oUter N.D.tc.c. peNOIIRel, Cbellleal •• .,.,. 
.. "lee and the Napab IIIIIIUf•o•ureN. ReM&l '• et tlleae ••udl• 
alellfJ wl t.b A deblletJ dleeu-.•loa ot a pretei'Nd .... r.e-..n• 
pNOedure ~are glfta la O.I.H.D. lo. 20)6 ..S 20)6A. 

""•Ill an••· 
In Ule taU et 1""]• ••ple M69 laeeDdla17 ..._ 

fllled wlUl lapala wn ftplarlr Neelwed fNII eMil el llle 
11111111 plant• alona •lUI -pl•• or U. 8oap• r._ wblela U1J1t 
ftaela WIN PNp&NcJ. !be ... blllt7 Of the tuel 111 , ........ 
•• tollo .. d ~ aeana or an o•ollll .. Cer wh1ab pn a •••un et 
Yl8ooel'r •lthout requlrlag the -.b. to be opeae4. ftMt 'lliokea­
lnc power and ozldatlon .u~eep,lb11ltr of 'h• aa ... panr~ 80ap 
._ple• •~re de,eN!ned. A• a re•l' of Ulla ••uctr 1' ••• oon­
eludect that the tblekenlng power and oxlda,loa N•l•&ane• ol 
,... lapabl •oap• and the, •'•b111 '7 ot ,... tllel• la 'be boab• 

·nre quite IIP.tlet~ato17 (6ept•ber 194) - II&Nb 191M). . 

• •&rteat or ~ol•ture oa X.lM loa.-•, 
lo ... ber 19•2. 
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a.te 1111"3 .. ..-...s .. d po...S ._pl•• et lapda, 
~Malallft et Nat~laP pNclae'l.,., ••N .... lYed fNII ..... 
d tile t• --f•etu""· "'•blll'~ of ~•1• .. de tnt~~ ...... 
.. .-Ja• at ftJ7liiB .,,., ... eon .. ••• .. d roneent .. \loa• weN 
... dl~ al ordlna., aad eleYaud '•peraluree. Keftl'• or tad.• 
lllfttttlrtlan wblell ••• e&ft'led oul 111 "liJUM,ioa wlUI es.a­
.... Ol DeftleP~•' C.pen~ &N lllWD la 0 ~.A.D. •o• ]5QI • 
Ae a .. -.1, of the wl4e ... ,.,loa ln oon•lal .. ole• or l&iae 
ftlel• •' low aoneentra•loaa, lt •s• ree~•4•4 ••• , .. ett ... 
ef lhl• Yarlatlan oD tl .. e ,......, ... perto .. •n•• be •'11dlecl. 

!ebdnllM M•'•· 
lnoorpora,lon of 1104e .. te17 •'rons 4eb7dN'ila& ..... 

8tlall •• allloa pl, oalel• eblerlde aacl -.n••l• •lt••• 111 
lapalll ftlel• •• found to laereaee 'belr eonal1MM7 aad • .._ 
'111tr. &llloa f•l ••·• touatl So be 'he ... , eftlo1en• :r.•' 

·111 tills re•pee' ret.NaJ7 19..,.). '•••• wlU. ••palll ... P •• 
, ........... or .... ,.......... howewer, .... " '~' •111 .. ••1 
.... no• appftclablr lneNa•• •ltoJWJ.'~ of oon•l••••r..,.. 
tile Yarleu• Napal•• und Cha' She lnoreaae 111 •••bU1'7 1• •• 
aNater \h!·'n would result fNII lnorea•lng Mapa)~~ ooneen,raCloa 
.. slw the .... oon,.letenor (JulJ 1945). HoweYer, tuela •a­
talalng exoee,: 11lllan gel 11howed oon,:1denabl7 SNM&er re•l•&•, .... 
.. •• tleleterlou• etteo' ot qle1101, .. 1aea, aold eolderS... n.u, 
Ctaa•l• aeetl.'te, eta., than NKUlar llapel.ll• of equal eon•le-•1••· 
ft!M ftaES!Irt £ 85u"lee. 

Earl~ 1n 1'" bo 111A1 tl .. • tbroiY••• ... eltlalMC 
,._ C ... loal Wal'faft Be"lee aa4 Ute• weN flNcl wlUI lapda 
ftM1• of Yarloue conoentNClon• to ctete1111Jie the ert••• of ... 
•l•'•nor on fla118 dl .. eter and ..... • I'M dltterea .. 111 tl ... 
~•r perto.-anoe bet••~n luodes and laper1a1 lapal•• of equal 
Mftoea•r••lon• ••• po1a,ed ou• aad •• a ftnul'' &be lllperlal 
... , ••• •••ndal'IJlaect tor paOkaslJIB 1a the 5-1 II. pc~~~~~4 ooa,ai.MN 
fer fleld ld.Xllt£ of ~·uell. A lodacbroM IIOYle 8betr1fla err .. , et 
fuel oonals•••r on n ... tbrower perto ... noe along w1Ua a ~ 
•t~atlon ot mlxlns or lapal• f\ael• ••• pNdu"d all4 ••• elaw­
latea wtdelr 1n both the ~peaa aad P•oltla 'healer. of ... 
( IIQ...Jul ~ 19_..) • 

n.~··· thrower perfo ...... of t.l• ............ , .. 
Qleaol and other pepClaeN , .... •1&1• wlllola lower ooa•l•, ... ,), 
lJieoPpON,ed to blpNft potlftltU1·~ ...S ... blll'~J_!'A8 de .. ._ 
alRed. A• ~ re.ul' of exten•l•• ••••• wllb ~ •~ (J .. • 1,._), 
l5lt1 c•oftabep 19") ... M2-2 , ..... , 1~) n ... ......... 11 
••• conelu4ed tha' Ga.S.er oon•~••••7• l ... •peo,lwe of Ia~ 
•aeMtftl,lon, 18 8 Nlla'ble plde Se perto ..... oe of 'be n ... 
........ wlUl Japal• tllel•. , ..... addl,lftl elell lapart parope~ _ •t•• •bleb are 4e•trable la 'h• prepaft,loa, baadl.IJta •• •••••• 
of fuel• ~ be lneo..-ra .. d ••• U.ucb ••r ralae •• left• U. 
.. nel•t•no7 .. lone •• '~ lapalll eon••••ra,loa 1• adJuate(i • 
sl.- the do•1 .. 4 ao"•l•'.a•~· 

.. 

--.. .__.__... 
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Geftllte .. ble re•••.eb ••• ear.te4 ••• •• ·• .... 1, ef 
.. lat .. ,., aeu« • 1 nq•••• tor a tuel •blala wotll4 .-ltlM tile 
..a.elple •••n-.el at WtUilH•ett d4 tlalekeaed tuell ( l. •• 
tl• ..... ••• or bllml-. ~tat! lens rans•. Nspea,lYelJ) (.lalr ..a 
• ._.., lqJM). ruel• of ~tbOU' 25 gftlll GaJtdller •n1l1&e•r ••N 
, ...... •oa\ neerlr Kl•e 'be de•lre4 tl~• o~raeler1•'1o•. leoa••• 1•1/2 M ,. "pla.l' lapalll tuel• whltdl llaft aboul 11118 
.... ,.,ener ba .. •uob lens •'lr •~•• and poor •'-blll''• '' 
••• 4Mlct., ,., '·~ lapdll "duee4 &o 25 .... 1 Oardaer wllla 
~leROl or ••ter ••• 'he be•' •olu,lon ta 'be t>Nbl•• ~ -­
•••loa •l'h till• 1tudr1 a ••par1Ha wa• ll&de ef ••wral pep. 
tlae .. 

1 
lneludlftl '~ aleobo1• 1 oa .. ebol, .-4 •~r ... oil, 

ta a~d 'laa 'o •~'P.r and xtleaol. 

'ltl x !14 1a11 !alp•. 
... 

... 
the pe.ro ... ••• et "-• 111,Al ,,.... uarow·· -· , ... 

.. clepenc1 oon•W• .. ltlr • ..,.. wblell ftln ••• u•ed 1n •• n­

.-. ll&b ,. J walft, ltrealuag 1• aoa•l•••blr •"•'•• IJaaa wltla 
U. ball walYe .ad Ute ra~~~~e 11 oonll4erablr 1•••· •lUI a..a~ 
lapalll, .. ,._ .,.,. round 'n be 65 rard• wlUI· Sbe b.ll ••lw ... 
IJ5 JaNP Wl'la 'he Y Y~tlYe ( rebN&J7 lgJt.5). .. 

••••l!!w Qon•1f tenaz• t'Melw. 

1\ wAa ro•ct 'b.t when •• ....,.., of ••••r la a ••palll 
r.-1 1e lnore•••d beran4 approa~'•lr aae-tenlb \be •oap ea.-
, .. ,, n~ app~eelable further deorP.aee ln eonala,enor 'ak•• pl .... 
ftleee ••tnt.~~~ oon•lr.,enq• fuels haYe t.IW onlcna• adwaa••• ••• 
•~~ are no' after'ed bJ ••all a4dl,laaal quan'l'l•• of ••••r •• 
aN "plar lapal• fuel•• ruel• •f 'bl• \JPII oon,alal~~S 6.~ 
lepalll aa4 ].~ ••'•r nN prepared troll npNaen'•'l" lapala• 
r... 1eYen.l unutae\ureN. !be~ were found "' bttYe oonal• .. ._ 
el•• at l'j So 20 ...... and ~" qu1'• a\able at oJidlaal'l u4 •1•••'ed ,.pe........ ltlelr n ... 'hro•r perfo ...... 11 
•l•llar •o \ba' of nplar lapalll• of •• .... ••-l••••~ , ...... 
and Aprll 1945). 

!••ralpn t;;tt••••· 
1M '•peratuN ooefftetea• ot .s. ... •t•r of •pepUMe 

lapalll fuel• l• •1111 ... paN4 wlUl .._, of ... laa.., (l_.al .. ) 
lt.palda. Till• wu ob••"ect earlr la Ule 1\ud7 of rbeo!-fl•al · 

f
Npertle•, and ••• a•trlbu'ecl SO the 4eeNa•d .._._ of 11ea11111s• 
IINohre ro ... ,lon) al lo• \e•per~t\ure•, Ull• eftee' al8o•t 

eeun'erao'l, 'he no~al tnorea .. ln wl•co•l'r •l'b deer•••• iD 
••P••~·•ure o.a • .t.D. No. 1193, P• 17)• llapalll fuel• pep,laetl 
•l~ x,rlenol baYe .uOb ~;her oon•l•'•••l•• •' low te.pe .. •ure• 
, ..... •' talgh

1 
8114 Ulose pep,laecl wlt.b w"\er deerea• 1a ooa11 ... 

•••~ wl Ul d"rea•• ln '•Pela'u". IIJ u•ln& Ute op'liNI pnpo.­
•lonl of Qlenol and water 1' 11 pos•llale to _..duM a fuel wboae 
Ylloo•ltr 1• al•o•' ln4e.-nden' of ••pera'UN (De••~»•• 1944).­
tlae bee\ •lllbl• pep,laer• · fi'OII Ule aba4pola' ef low ,.,. .. , .... 
••ftlolent ot •l•eo•l•~ are u. low•• allplaa'le a1Ma.l8. (1~1 

Auguet 1945>• • -
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· ·~, .... · . · . . .... lapdla t•l• are •laed .,.. ...... •• 5Q-60•r 
·CaPPNalllaCe17 the 11111111• ... peratuN •• Wbl• lapalll •"• M ts.,. .. ed wltbnut e peplla•P) 1 1belr oona11Ceno1ee _,. ••~ -.~ 
.~P Cb"" when 'be trJel 11 •lxell •• to• t'. t•or e.--ple

1 
,. 11 

.. 1 ~ ~ •• a oona1•&eae7 of ao ..... lna&ead of 10 ...... a ~ 
~ baYo a oonMlHMnor or i..»5() tn••eati ot 100 IP'M•· !'be dilte .. 
... 1ft ftqe ChNwep perfeNanoe ....... Uleae alllloNal f\ael1 
... Ord1ft.a17 tuele of Ute lidle lapalll OODOf!fttNU .. ll ... , AI 
.... , •• WOtllct be expeeled on 'h• be.1la of oon•l•.._,., U.la 
hills Ute •oat ••rlltlng exoeptlon ~ Ulo rule 'ba' U.Jida•• ..._ •l•••n•r 1rreepeotlwe ot oonoen,ru,lon dete~1n•• perto~ 
, ........ 19'K1 AiaNh 19'J5). 

Mo•' llapalll •oape lnorea•- oona14erab17 1a Ullok•S... 
,.... on •to.r,..e •• 11.lewated t•:PeNiuNa 1n beNeSloall7 Mal .. -•1M••· TIN•• IJ~, mpe•l•l ••pal• raq tkw a ooaat••••r of 
1,_200 ..... lt the aoap 1111• b•n •tored tor ho week• at 160•r, 
•• ... ~~red to a no~l eonatateaa7 of 75 sr..•. !be lnoreaae 
1a oona1steno7 1• aoca.paaled b.r lnoreaae ln .al•'~ conteat 
and ~eorea•e 1n ex,rae,able aa1d1 lndlon,lns lba' .... ot &be .._ 
OOIIblned aoltJ haa c011blnet!. ,.1 ,,. al•llaa or 110no-aoa.P

1 
..... ,. r &Jo'-

Pftf!uoec'i b7 thft .r~ao,lnn. 8\oftCe &t 120• i'. ••• fouad to llaw 
eollparatlftl7~1,tle etfeo& on tb1oken1._ ~·•r 1a Ulrec •n&b8

1 l~loatl~ tha~ llttle ~1tt1~1'7 •ould be e.-oun&er.d un4e• 
ordlnnr.v storac.., oondltlona (J~ebruaJ7...1uae 1~). 

Eltld YleooelP• Sf.' r. 

~zten•ln 'es'• •'-'rtt OArrled out 11a .. •''•P' '­
de9elop e Yl1ooa'-eter tor tleld eYalu~'loa of *blokeaec tue18 
CDM•ber 19,.,._ ~ rettrua.-,. 1911.5). A •1•pl• ernux Yl•co•S..t.• 
wllloh eoul4 ·be tabrl••'•" tNII .. Mrl,.la aY«11able 1a Sbe t1e14 
... aewlaed. tbla aonal•'• of a c ratlon oe~ •1'b a 1/• or 1/2 
lnu •1roular opening 1ft tbe boSSoll. Thl1 Ylecoallle,er 1• aul'a-
1tle tor tu•la w.\th conAk tencloa up 10 250 sra~~e Gardner. Tbe 
c.1.1. Ball Ytaoo•~e••r 11 capable ot ooYBrl"l tbe eonal•tene7 
.._.. up &o 500 s ... • Gardner lf ball• up '- 9/16-laob dl .. e'e• 
... a 100 •ooad fall 11M are •plorett. l'lle ball Yl•aoellleter -'"• "•"ha' b•••er ....... n, wl&b ........... Ulaa .... uae 
ettl.u Ylaooat.fl,ep. IIJr .. n•lw •••• ftft al• .... w1Ul a 
...... g .. Yt•oo•~P-,er. 

llabenlaed Mpb119'e5er. 

h 4eY1oe tor •eeta&a1M117 foNsa. Ule aa.dae• pl ..... 
tlaNggb the ... ple 1n Sbe tube a• a ..... et 0.1 •·/•••• ... 
... t1n1 tbe re•ul,lng toroe •l'b a •P•ins ••ale ••• .... lope• • 
., •ployJ.ns toup OP liON 110b11•eh .. W1Ul & lln&le dPlYJ.IItr 
Mehan1• and u•1RG Mol•• •lUI •..U._ 11141ol!''lllll polnu"l a 
•nalderable ••Ylng Of 'l• Oaft be etteatecl lft Ule I'OU'lae 88t­
.... ot lapal•1 ,.bou' 16 &e 20 ... ,. pep hour belJis PD••lble. 
a. lna,ftlllen' w; .• '••••4 at the !ll;perlal Paper and Celor Corp. 
plu' and ••• found M slwe •• Nllltble resul'• •• Ule ••••J 
•tbod of opefttlo• (Ma.-..r•lr 1,-,, .. ~.,.al Jtepo.t &o be 
l••uet). . . 
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Prels.!M., •e••• ••N ...-rlecl •• • a •U.C et •la-
1111 lapala -. NelN111a'U. Ule • .-1lae-lapa18 Ill•'-" 1a a 
a.. wlUl a -11 ,_P 4rlna -.a 1••l1M ••lae. !Ill• J)ft .. l­
»le •• la&er •'*lled Ia ,._ tle1d lll.U. all (E-11) cleftle.-A a. C1eaftl'-8rook• (oateber 1911'6). 

leD Mlpr. 

la •• rau. et 19'14 U. ••wr nque•'•" U. tlne1e,_.t 
ef a •••lnuou• alalns de•l•• to• u•• oa the 4Mk• et alNraR 
.....S.en. T••'• wen et•rrl•ct •• wl Ill a P ... le• Colloid M111 
... a .re•pe .... Mln• bu' nel,her ••• .,.,1,.17 laSlafae'-rr 
(lep ... be~Sober 1;44). A lapal• •oap tee4er tor ••• •1~ a 
... ,~u• •1xlns dewlee ••• ~•••loped. At"r 'be la,loaal ro.. 
laJ•••toa •lnr la ooaJuna,loa wl&b groUil4 •apd• ••• a,lop,ed w., 
... lawr, •••'• were aArrlet! ou' on •pealtlea\loa ••Shed• ot 
.. ,-. .. lalns •'lr tl•• ot She KI'Otlftd Jtapalll (llaNh 1,...5). tJae 
...S.a,loa la ••lr Cllle ot a ftp .... len'a'l" "roUIICI l"palll •1'11 
•awr aYI.a,loa sa•ollnee fro~~ warlou •ouNe• ••• dekawlae4 
(Aprll 19-~). A few Ceet• were Rlao oar.te~ ou' on alll ... .._ 
tlea of CN1111~ lapal• •' •l••••ed •••pern,uNa (Mq 1~). 

In".,, •. 
lear Ute ead er uae ••• Ita•• •1&111C ot fuel• fo• u• 

h nut@ \l'lro111era and blue b_..., tor Ute purpo1e of IIIJ)NYIIII 
N1labll1'7 of perto ... aee of the•• weapeaa, ••• eona14eN4 ltW 
, ... G,._loal w,.rraN &enloe. .... '•••• ••n •~rrle4 •• 011 
ftl'la,loa of oonal•t•n•J •l'h tllle an4 ,.,_ .. ,ure ror n8111 .. 
... peptlze., tuela. I' n• 4•1dec1 Usa' aleelaol pep,latMt ftlel• 
... 14 be •oat genf!ra117 _•l'e4 tor &bl• purpo•• (AMp•' 1,.5). 

llwtellaneou• AddlSlyee. 

DurlltK ,.. aouNe ot Ull1 lnw••'Jc•'loa tile ett•• of 
a .... , warle'r of .... ,. oa la»al• fuel• ••• •Sudled. ~ 
~·• ... n'• were •l'ro'oluene lMA.eb l~)i ...... 41 .. lfl4e 
CIUWt17 19..,.) 1 •Cor oll (Mq 19'14), dleae o11 (Aupa•' 1,_,..), 
allle and 'ln (Julr 1,_,..), polrbu••• (De•••• 19_,.), ..... ,, • 
... oUter prroteobnla •awrt.ala (Dee•~»•• 1~), acldl,lYel ter 
•••N111118 4l•pe••lon .. ,. aad oon•l••••r (.1.-.17 19'5>, ~114 
lll•eellaneou• ohe•leal• (OoSober 1,_2). J1an7 acent.a ••re to-.A 
te b~·•• a 4eleterlou• err .. , on fuel oonala,ener, laolu41fta z.lU 
C• lens oonSae,) 1 1011e 4ilt ••1 oll• (panloular17 Ulo•• 4uk Ia 
•1or) 1 pota••l• aoetau •'•·• la acl41,loa to t.be •r• o.-a 
,.,,laera. ~en •••'-n dl.ult14e 1• ••b•'ltu&ed to• ~a801lae .. 
De •1•••'• lo• '•perature 'lpl,loa of Ule fuel l• .... ,17 111-
pNftd ucl con•l4era1»1~ ..... , ........ •• M •'&alaed a., U. ft•• ,..,. .... p .. wl41 .. _..... .. pNanN 1• •uppllet. 
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·Ia ... nMtloa •lUI U. laft•'lca'loa et .._ ••• et 
... lte P••• ,.. u.. pNpelll• toNe 1a ....... 1 ... n .. 
-..... .. , a •tu .. ••• ••"• ef '"• ett••' of U. ._._.,lOll..,._ 
... ,. et ool'dlh on ttalebned tuel•• 111 all ••••• ....... U. 
.., ..... ,loa p•e• ••re tlNd dlree,lr ln .. fl•• 'liN"• 
f11el '-*• ftpltl bre,.k.tawn or uae tuel ••• tCNIId to o ... n 
... , of u.l. breaktton ••• ••Srlbuted so Sbe 80lld and llfl•lt 
••lt••• earrlec! lnSe &be ftael &aaka wltb 'be p•e•. lo .. ....._ 
.._ ooournt1 wben tbe powter s•••• ••" bNU811' lnto ooataet 
wl~ tbe fuel at,er rlr•' belftl oooled 1n n ... elwl .. we•••l. 
ftlel• eo~~pounded •l&b ••••• ••'-• ( ••lnS... •n•l•&eaor•) ... 
.... oo11Salnlna •lllla pl "·" found .. be • .,..,., ... , ... 
... l•tan• lban resular lapal• ,. 'he 4ele&erlou• .,, .. ,. ., 
tile -••tlon sa••• (OOiober 19-.- So Muob 19'5). 

leMblllb or ••W•· 
Pwlplns ebllraeterl•'l•• et lapalll fuel• w1UI • ...._ 

,,.... of P•P• wttre lnYer.tlaa••• Capaol,le• of , .. Yarl•• 
-P• tor thlokened tuel• """ roun4 to be ••17 nearlr &be .... 
•• tor aseollne proYlded auft1olenC17 la~e auo,1oa plp~ ... 
,_, por'• are proYldect, till• Nqulre•ent bel .. par,leularl~ 
~rtant nt oonele,enclea oYeP )00 sr.... In ooanee,loa wllb · 
tlda ltlad~, a general eQUiltlon tor iJN18Uft loee or llapala fue18 
la plpe1 of Yarlou• alsea ••• tonnal•,:Sed (oe,ober, •o••ber 19")· 

lnwe•tlsatlon ... •l•o .ade ot 1gn1&ed J•'• of thlak­
-.4 tuela pro~lled br warlou• ,._.P• wl'b a wl .. ~ ualJas a 
..-, •• the propelllna to.ae 1n &be •aebanlaed tl .. e •bro•er • 
., • ..,.. of hlp .epee4 moYlee aad a pleao e1~oSr1o pre••N 
plekup, lt ••• found tha' &lie dlfterenee be'ween U..•e J•'• ... 
-.. •• propelled b~ ••• pre••u,. •~• •''rlbutable So pul•a,lo .. 
la noarle pr.aaure and J•' Yelool&r Wbtob oeour an ln, .. .-1 
_.._. ot '111•• peP rewoluSlon ot uae J81P• •bell U.ae P'l1••-
tlon• are Soo lc~.fS• tbe JeS bNak• up lft.&o eftn17 .,.. ......... . 
et tue1 wbteh are tnoo•pl•S.lr ooYeN4 •lSil tl.... 1' •• ,__. 
u.a' '"•PJ• pul••toa• eoulcl be ••ple'e~r~•lllllnated 11r .... •I 
a lpMlal RUJISe ehaiiJtep , ..... Aprll 19'5)• . 

lMp O•ra&t« n ... Dn•••· 
AI a Nnlt of Ute ln•e••tatt'l• ot =• pNpeUel J•••• an experlllen,al JMIIP ope~ated n..- 'llro"' •'lllaa.._ • 

1M ..... .,_, aad Ule ~7 tl ... pa .. 4 .. , .. on a 8ulell 
ella••l• ••• ••••bled. ftll• unl' perro .... • ••'l•taeMrll~ 'Ita' 1' ••• deelde~ to 4eft1op a ~P • .,. .. '" n. .. , U&N•e• 
--•ed ln the JM..\3 tank. till• pNJ"'• aclertaken lllor&lr ..._ 
,... the •41 or Ule •-.•1 wlll be ••pleted u4er m..teal • .._ 
.... lerYlee eoatrae• (Mq-A .... t 19'5). .. 

: ~=·· .. 
'i' •. 

: ~ :~ .: 

. ··-p· Jill. ...... 

;:. 
~ : : 

. : _.::." .. 

:_:_·_ . - - ··- --· -- .. : .. 

. _:;_ .. 
::. 

: ~: :~ 

-··-·-·~ 

.r 

---------------------------- ........ --····--- .. --------·-



.. , 

. ' 

.. ' 

+ 

ll,r !b1Pk!D!II• 

rlbeN or nl,roaelluloae, ap1111 ............ lid., ..._, 
,.17•t7rene, new•prln' and Vla7ll'e were '•ltNI •• pHllae Ulllll­
•eN earl7 111 the lnYeetJaatlon. Of , .... U. plllpecJ .... prla,, 
pantoularl7 ln oon~••'lon •1Ua a ••all aiiOUft' or lapalll, ap. 
,....d .oat ••'l•fae~~. !he•• .. ,er1ale, bowe9er, po••••• a 
peld ftlue and ohannel badl7 ln n... thrower fuel .... • ftlel• 
perto.-.anoe ln tall •J•'1on 1noendlta.r•1e• was touad &o be qul&e 
••'l•taeto..,.. II ••• rouad oonYenlent to dl•ln'e&ra&el ua. ... ._ 
.,...., 111 a 111e7 .111111 or ..._. 11111 prior to dleper•loa 1a t.1ut 
..-11ne. !he 1n0at £enPra117 •a,1at.~.oktJ7 tlber tblolleat!r r .. 
... 1169 bomb ••• touac! to be oellooottoa, 1n Ule toN or ... ..,._ 
•• Npe. r .. lewn to rour,een pe-raen' or 'bl• a&erlal ln p•llae 
eJt p110llne-tuel o11 mbturea ••• rouft4 to pertoa. •• .. ,,., .... .0. 
•• t~e eoap 'blokene4 fuel• ln •~lated attle •'ruotu,. ba~ 
... ,. (Aur;u•' 19'2 to Maroh 194)). 

An 1nYes,1gat1oa ••• aa4e ot the rea•1b11l'J er &blek· 
ealag Yealcanta ~l'h aelluloae t1b•••· Prelt.ina~ alrpl ... 
8PN7 teats ••1th nowaprlng grouad 1n a laboratorr wuer 111U 
.... qulte pro•l8lng. HoweYer, oa..e.alall7 grDund ... ple• 
(lprout-Walt).-on) wreN no& •• ea,llfaotor.r. l' appeaNd tba' 'Ill 
pNponlon of long and short t1bered .. terlal ••• of SN•' 111-
penanoe an-.. that tbe conoen,J~atlon of &be aaterlal .Prod.uolJia 
U. ;li'Oper efflux '111• ••• ftl7 orltl .. l. t"Ur,beNOre, 1••• of 
Ute tlber thlekene4 aatertal 'han ot Ule ;A)lJiur UlloJteaect •• 
1a ta. de•lrecJ 4rop.•lze ..,... (llq-eep•••• 191J)). 

Tile proJ••' of tlewlopllls tile 1169 bo8b tor uae 111 ·~­
llls •• , ... I'd ••;.• •cter•u• Mrlr 111 1,-3. lt ••• tCMIRt '~' .._. 
Ute abarse 11 tlred ,...,. tile ... b wlctaou• lll\en,lone Ute dt••rt-
•uoa of JJUI,alld 1• abou' tonr •••• ,.,., requlnct '- produoe 
•••-.l,lee. 11..,1'011. den••• were •rled tor ••••lac 1.-eater 
•pread. Ito•• .. ,l•taoto17 reaul•• weN olt,aliMtd wl'b .. 1••• 
bun .. r oa•• wblell 1• eJ•teC apen llapeo' et Slae M6f. 1M ''-
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fue en 'bl• lnner ••• l• ••• M p ott •• a laelsll'- et loo-a,G 
'"'· A ...... of Ut••• bo111t• ....... up aatl ••• te .,....... 
fer te••lna· Re•ul'• ·•ere ntrlolen,lr p..-1•1• "-'-'' tunhe• 
4enloJII8n' ot the •eapoa ••• '-k•• ower bJ Ule ananl,loa• ~ftlep. 
•••' Labo.-..,orr •' the Un1YeNlQ of llllnol•• 

fern ..... 1M •• 
" 

ln ,._ aprl._ of 191JJJ t'erN ._..1 Qorp., •de• .._ 
.. ,,.., wltll awaa,_. lodak C:.p111171 ua4enoa M 4en1ep a 
e.Ylee wbereb7 lapal• and sa•ollne oould. 'be •lad ooa•lllllo•d•. 
- rebrua17 19'5 a proto'De had been u••blecJ aD4 .. •ted .. 
U. Ch.t.-.1 tu-faN Gernoe. fbl• aona1ate4 or a P••llae 
.,...., a hopper feeder wh1ob a1,8Nd tbe ft&pH-1• 1D&o Ule p•llM ••a-e•, a gear p-lnder Uli'Ousb wbloll the •apel= p•11fte al...-, 
••• toreecl a po"r plan' ooa•1•,1na of a aall aa•ollae eqlae 
aad a saeollne heater, •lnoe \he grln4er ~rro~ed eall•t•••oril7 
elllr at tempcrnturea or go• r. or abowe. Al,Mup tile •1• .... 
qulred oon•14erable •odltlea,loa, 1' ••• dee14el .. undertake 
-.nutaoture ot a reYlaed •odel. 

Cltayer prpok1. 

The prod .. ,loa or , ... lllaeN ... .. ..... ow• .. Ule 
CleaY~r-arook• C011pa117 of Jill•auk• 011 pU......_ or4er r..­'••&11an lo"ak• IS ••• found Ulal nf,er U.. re.-.. alaer hat...._ 
N4eeJ.sne<l alo~ Ute lln•• euue•'•cl bJ' Cbellloal warraN lea-ftM; 
Ute unlt ••• too beawr an4 ou•b•r••• So be uaetul. ln U. • ..._ ll••• an a1 tr mate tol'll ot lllaer, oonalatlng of a sa•ollne eqlne 
4rlwen pWIJi for atroulatlng the Mapalaa-p.•ollne •u la aa opea 
~a4 ,,rum un'll sela,lon ooaur•, ba4 been ~·••loped b7 Cleawe.­
Brook•• Th1a equl~,._nt, de•l~D&C•d •• the ~11 a1aer1 ~~ppe .... 
• pro•l•lll£ thA' alx ual'" were pzro4uoed an4 weN ... ,.,. u••• 
- U. A,.ecl l'oa-o•• •• the end or Che war. 
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